guez et al., 2000)
. Recent data demonstrated that Reelin promotes synapse maturation and the refinement of connectivity in the postnatal peripheral nervous system (Quattrocchi et al., 2003) . Together these findings suggested that Reelin plays important roles beyond neuronal migration in postnatal brain development and function.
A previously identified function of Reelin in postnatal hippocampus not related to migration is to promote the branching of entorhinohippocampal projections (Del Rio et al., 1997). However, the Reelin-rich marginal layers also represent the projection territory of apical dendrites of hippocampal pyramidal cells and dentate granule cells. Since these dendrites are stunted in the reeler mutant (Stanfield and Cowan, 1979a) , we hypothesized that Reelin may be important for their growth. Here we describe the novel activity of Reelin in directly promoting the development of hippocampal dendrites and identify its molecular mechanism of action.
Results

Reduced Dendrite Growth in reeler Hippocampus
Analysis of the postnatal day 14 wild-type hippocampus showed that high levels of Reelin protein are present in marginal layer cells of the hippocampus proper and dentate gyrus ( Figure 1A ). These cells correspond to Cajal-Retzius cells born early during corticogenesis that are still abundant during the first two postnatal weeks but decrease in number in the adult forebrain (Alcantara et al., 1998). In the stratum oriens and radiatum, GABAergic interneurons express lower levels of Reelin. No signal was present in the hippocampus of homozygous reeler mice ( Figure 1B) . In this mutant, pyramidal cells form a split layer in the hippocampus proper, and granule cells are scattered throughout the dentate gyrus (compare Figure 1D to 1C). To examine the dendrite arborization of hippocampal neurons in normal and reeler mice, we first used the classic Golgi impregnation technique. As noted previously with this technique (Stanfield and Cowan, 1979a) , cellular orientation was abnormal in reeler, especially when neurons were located in ectopic positions. Dendritic arbors also appeared noticeably less developed than normal in mutant dentate granule Figure S2 ). To quantify the observed difference in dendrite growth, we performed Western blot antibody CR50, Reelin-expressing cells were readily identified in normal cultures ( Figure 3A) . Secretion of analysis of hippocampal protein extracts using antibodies directed against the Microtubule-Associated Protein Reelin into the medium of wild-type and heterozygous cultures was confirmed by dot blot analysis using the 2 (MAP2). This is a well-known neuronal marker that recognizes all isoforms of MAP2, including the high momonoclonal antibody E4 ( Figure 3B) (Figures 2A-2C) .
To examine the development of dendrites specifically, a 3.5-fold increase in dendrite length and a 2.9-fold increase in the number of branches ( Figures 4G and 4H) . we analyzed the cultures by immunofluorescence using the MAP2 antibody. Microscopic examination revealed Next, we incubated reeler hippocampal cells in the presence of recombinant Reelin secreted by a stable cell that dendritic processes of mutant reeler cells were drastically reduced compared to those of wild-type or line (CER). The crude serum-free conditioned medium of CER cells or a control line transfected with empty heterozygous neurons after 5 days in vitro (Figures 2D-2I ). To further characterize the defect, we examined the vector (CEP4) was concentrated approximately 50-fold and added to the culture medium. Alternatively, recomtime course of dendrite development in MAP2-labeled cultures derived from each genotype. The data were binant Reelin was partially purified from CER-conditioned medium by differential ammonium sulfate precipianalyzed quantitatively by measuring the average total length of the dendrites and the total number of branches tation, as previously described (Keshvara et al., 2001 ). Western blot analysis revealed the presence of several after 2-6 days in culture ( Figures 2J and 2K ). This analysis confirmed that dendrite growth and complexity is isoforms of Reelin in our preparations, including the ‫004ف‬ kDa full-length and the major proteolytic N-terminal fragseverely reduced in homozygous reeler cultures. The defect was noticeable in the mutant cultures as early ments of ‫003ف‬ and ‫081ف‬ kDa ( Figure 4I ; D'Arcangelo et al., 1999). This latter protein was the most abundant as 2 days in vitro, but became more pronounced after 6 days, and it was significant compared to both wildisoform, particularly in the concentrated conditioned medium. Treatment of mutant reeler cultures with either type or heterozygous values (p Ͻ 0.001). A smaller but significant reduction of dendrite length and complexity Reelin-containing medium ( Figure 4C ) or partially purified protein ( Figure 4E ) resulted in extensive dendrite was also detected in heterozygous reeler cells after 5 or 6 days in culture, respectively (p Ͻ 0.001). The fact outgrowth, whereas control medium ( Figure 4D ) had no effect. Similar results were obtained when Reelin was that dendrites grew less extensively in cultures derived from mutant mice could be due to the absence of Reelin.
partially purified by gel filtration chromatography (data not shown). The effect of recombinant Reelin on dendrite Alternatively, reduced growth of reeler dendrites in culture could be a secondary consequence of a deficit length and complexity was similar to that of the native processes were analyzed, their development appeared witz et al., 1997), and dendrite outgrowth is dependent on Reelin in our assay system (see above), this finding drastically impaired in homozygous mutant Dab1 compared to wild-type cultures, and it was also reduced suggested that Dab1 is necessary for Reelin-induced dendrite extension. If this is the case, we predicted that in heterozygous cultures ( Figures 8A-8C, 8G, and 8H ), similar to in vivo observations. Since Reelin expression addition of recombinant Reelin would not rescue the Dab1 knockout dendrite deficit. Indeed, we found that and secretion is normal in Dab1 knockout mice (Goldo- 
